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Part I: Joint cosmological constraints from the SPTXDES
6x2pt analysis

Based on:

https://arxiv.org/abs/2203.12439 (Methodology paper)
https://arxiv.org/abs/2203.12440 (Measurements paper)
https://arxiv.org/abs/2206.10824 (Cosmology paper)

Work 1n collaboration with Eric Baxter (UHawaii), Chihway Chang (UChicago//KICP)
and many others from SPT and DES collaborations
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tSZ bias
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tSZ bias
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tSZ bias

tSZ bias was the main driver for our choice of angular scale cuts in DES-Y 1 analysis
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tSZ bias

tSZ bias was the main driver for our choice of angular scale cuts in DES-Y 1 analysis

galaxy X CMB lensing shear X CMB lensing
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Scales removed 1n the analysis tSZ bias
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Y 3 improvement I:
tSZ-nulled lensing map

High res
T'map

High res
T map

SPT-SZ 150 GHz
Planck 143 GHz

QE

SPT-SZ 150 GHz
Planck 143 GHz

e

SPT + Planck
lensing map
(Omori 2017)

Omori et al. 2022

15


https://arxiv.org/abs/2203.12439
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Y 3 improvement I:
tSZ-nulled lensing map
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Y 3 improvement I:
tSZ-nulled lensing map
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Y 3 improvement I:
tSZ-nulled lensing map
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Y3 imprOVGment I: CMB lensing maps stacked at

the location of clusters
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Y 3 improvement I:
tSZ-nulled lensing map

Omori et al. 2022
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. CMB lensi
Y3 improvement II: T
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Scale cuts

**Errors scaled down by a factor of 10
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Scales used in the analysis
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Galaxy x CMB lensing

Measurements

Chang et al. 2022

Shear x CMB lensing
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Constraints
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Constraints
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Comparison with other surveys

)
ACT DR4 (Aiola et al. 2020)
ACT DR4 + WMAP (Aiola et al. 2020)
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KiDS-1000 (Asgari et al. 2020)
)
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Comparison with other surveys
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KiDS-1000 x ACT+ Planck (Robertson et al. 2020) A
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Primary CMB

0.955 0.60

1. Factor of ~3 improvement compared to Y1
2. 1-sigma consistent with cosmic shear
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Main combined results
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Results: 3x2pt vs “other 3x2pt” vs 6x2pt
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Results: 3x2pt vs “no gal lensing” vs 5x2pt vs “gal lensing”
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Results: Lensing only
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Main combined results
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Investigating lens sample 1ssues
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IHVG Stlgatlng IGIIS Sample ISSU€S Constrain cosmology +1 probe to constrain
T galaxy bias
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Investigating lens sample 1ssues +1 probe to constrain

galaxy bias
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Our constraints are mild so we do not have a definitive answer, but...

e For MaglLim, bias values agree more with gg-lensing except the last two bin where the results
match better with clustering.
e For redMaGiC, bias values agree more with gg-lensing.
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Part | summary

 DES uses galaxy position/shear information to extract cosmology (3X2pt)

* By cross-correlating with CMB lensing maps we get an addition three 2pt functions
(1.e. 6X2pt).

e Significant improvements were made:
* Improvement of the CMB lensing map (tSZ nulling)
* Y3 coverage

e shear X CMB lensing dominates the constraing power over galaxy X CMB lensing.

e Cosmological constraints from combing the two cross-correlation probes is
competetive with cosmic shear measurements (so we can use it to test for systematic
errors in DES data).

 The combined cosmological constraints are consistent with Planck primary constraints.
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MDPL2
MDPL2

The MultiDark Planck 2 simulation belongs to the series of
MultiDark simulations with Planck cosmology. Itis kin o the MDPL
simulation, with the same box size, cosmological parameters and
particle resolution, but a different initial seed.

If you are in doubt whether to use MDPL or MDPL2, we recommend
to use MDPL2, since there will be more data products available for
this simulation in the future (e.g. Rockstar-catalogues).

Please give proper Credits when using data from this simulation.

https://www.cosmosim.org/cms/simulations/mdpl2/

FOF-halcs from a slice ot MDFLZ at
redshift z=0. More images

e Publicly available dark matter only N-body
simulation.

e Rockstar halo catalogs, semi-analytic galaxy
catalogs are available online.

Configuration
Box size 1 h~'Gpc
Npart 3 8403

Mass resolution
Force resolution

Initial redshift
N, snap

1.51 x 10° h~'Mg
~ 15 h~'kpc (at high z)
~ 8 h_lkpc (at low 2)
120
130
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CMB components

Implemented CMB secondaries:

e Thermal Sunyaev Zel’dovich effect (tSZ)

e Kinetic Sunyaev Zel’dovich effect (kSZ)

e Cosmic infrared background (CIB) and IR sources
e Radio galaxies

e CMB lensing from ray-tracing

e galactic foregrounds from PySM3

LSS components

e [ ens galaxies:
BYO HOD: various groups have used MDPL?2 to implement galaxies including BOSS

& DESI. Some people are working on implementing DES-Y3 MagLim sample. Also
have DES-Y 1/DES-Y3/LSST-Y1 Poisson sampled galaxies.

e Source galaxies:
Shear signal from ray-tracing, with noise added by randomly rotating e,, e, from data or
o, values (includes NLA TA). Currently have DES-Y I/DES-Y3/LSST-Y I mock catalogs.
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Lensing components

To produce the lensing maps:

1. Project all the particles onto HEALPix
shells of width of 25 Mpc/A.

LCE /1077

1' — CAMB 4 Planck 2018
1003 — MDPL2 ¢ Omori 2021

2. Apply rotation every 1Gpc/h to avoid

repeating structure. 0 % \\\\\

3. Run raytracing at Nside=16384.

LCE /1077
S
.:. /

4. Both galaxy and CMB lensing are
processed up to z=8.6, and a Gaussian
component 1s added to CMB lensing
(to cover 8.6<z<1100).

7=
100_: —_— 7=

0.05 -
0.00 -
—0.05 1

ACyFCpr

30 100 1000 6000



Lensing components
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Lensing components
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0.9+
0.8+
= 0.7t
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1.0

0.9F

Key requirement: Simulation must return input cosmology at the
precision of future surveys.

CMB Lensing

LN Galaxy clustering (fixed bias)
" Cosmic shear
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Implementation: tSZ

Parameter 1076 K] 1078 [K]} 1030 [K]

0.1002  -0.1065 | -0.1253

The tSZ map 1s generated using the MDPL?2 -0.0456  -0.1073 | -0.0111
. 1.1647 1.1770 1.1966

Rockstar halo catalog and using the Mead2020 131949 135937 | 14.2480
C . . 7642 8471 1.0314

model, which 1s calibrated against the 076 0847 03
0.6 0.6 0.6
BAHAMAS simulation (McCarthy 2016). log(Tw,0/K)  6.6762 6.6545 6.6615
T 1 0.5566  -0.3652 | -0.0617
O
y(A) = — [ dl P, 1070
mecz LOS ] Planck 2015
] MDPL2 BAHAMAS?7.8 SPT masking
| —— MDPL2 BAHAMASS.0 SPT masking
bnd . | —— MDPL2 BAHAMASS.0 Planck masking
. Pgas Myips T) 10714 e MDPL2 BAHAMASS.0 unmasked
P"°(M,;., 1) = kg Tgas(MVi ) : Tanimura 2021
m,u SPT (Reichardt 2021)
pre ACT (Sievers 2014)

—_
\9]

/-1

In(1 + r/r,)

rlrg

pg:llsd(Mviv I") = Po

(+1)/27 CY
=

Currently using the Ty sy = 105°K model
as the default (see e.g. Troester2021).
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http://astronomy.nmsu.edu/aklypin/SUsimulations/MDplanck1GpcNew/Rockstar/
https://arxiv.org/abs/2005.00009
https://arxiv.org/abs/1603.02702
https://arxiv.org/abs/2109.04458

Implementation: kSZ

Parameter 1076 K] 1078 [K]] 1030 [K]
0.1002  -0.1065 | -0.1253
The kSZ map is similarly generated using the -0.0456  -0.1073 | -0.0111
. 1.1647 1.1770 1.1966
MDPL2 Rockstar halo catalog and the velocity 131949 135937 |  14.2480
: : , : 0.7642 0.8471 1.0314
information from particles and following the 0.6 0.6 06
Mead2020 model. log(Tyw.0/K) 6.6762 6.6545 6.6615
T 1 05566  -0.3652 | -0.0617
AT O 4.0
- =T dinevios || . Park 2018 (Illustris)
kSZ LOS 3.5 Flender 2016 (model I) PR
Flender 2016 (model I1I)

— MDPL2 BAHAMASS.0

---- MDPL2 BAHAMAS7.8

"""" MDPL2 BAHAMAS7.6 :
Reichardt2020 (latetime +reion)
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http://astronomy.nmsu.edu/aklypin/SUsimulations/MDplanck1GpcNew/Rockstar/
https://arxiv.org/abs/2005.00009

Implementation: CIB

1. Start from Rockstar halos.

2. Apply UniverseMachine (get M./SFR).

[
<

cosmic SFR [Myr'Mpc™]
= =

1074

10°

| —— Bolshoi-Planck

| — MDPL2 obs

107!

10°

10!
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Implementation: CIB

1. Start from Rockstar halos.

2. Apply UniverseMachine (get M./SFR).

3. Apply Kennicutts’ law (get Lg).

logo(Lir [Lo])

12.0

—— Kennicutt’s law
z=0

11.5 A

11.0

10.5 -

10.0

-1.0 -0.5 0.0

0.5

1.0 1.5

2.0
log,o(SFR [yr'Mg])
L SFR
R KIR + KU\]IO_IRX(M*)
M.
(Bouwens2020)
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https://arxiv.org/abs/2009.10727

Implementation: CIB

1. Start from Rockstar halos.
2. Apply UniverseMachine (get M./SFR).
3. Apply Kennicutts’ law (get Lg).

4. Use empirical fitting relations to obtain
Mdust and Tdust'

(Donevski2020)
Mdust . Mmol X 7
M. M. S
(Tacconi2020)
mol — A + B x (log(1 + 2))* + D x log, (M — 10.7)
(Hunt2016)
Z,.. = — 0.14log,((SFR) + 0.37log,,(M:) + 4.82

gas

l = Free parameters
1/(448,)
T — A L d 8 Cqg X a
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https://arxiv.org/abs/2008.09995
https://arxiv.org/abs/2003.06245
https://arxiv.org/abs/1608.05417

Implementation: CIB

1.

Start from Rockstar halos.
Apply UniverseMachine (get M./SFR).
Apply Kennicutts’ law (get Lp).

Use empirical fitting relations to obtain
Mdust and Tdust'

Compute SED for individual sources

(Donevski2020)
M M
dust _ mol < Zgas
M. M.
(Tacconi2020)

mol

= A+ B x (log(1 + 2))* + D X log,((M.. — 10.7)

*

(Hunt2016)
Zy,s = — 0.14log,((SFR) + 0.3710g, (M) + 4.82

l = Free parameters
1/(4+p,)
T — A L B, = Cqa X a
d — “d —
eXP(:TV) — 1| vhet3 (v <)
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https://arxiv.org/abs/2008.09995
https://arxiv.org/abs/2003.06245
https://arxiv.org/abs/1608.05417

Implementation: CIB

1. Start from Rockstar halos.

2. Apply UniverseMachine (get M./SFR).
3. Apply Kennicutts’ law (get Lg).

4. Use empirical fitting relations to obtain
Mdust and Tdust'

5. Compute SED for individual sources

6. Generate a CIB power spectrum
emulator.

7. Run MCMC to get best-fit parameters
that match with Lenz2019 CIB maps.

1.26
7 1.25
1.24

. \\\
N
| / &
@
NN
33.7 ¥34'.3 124 126 25 22 25 20
Ad Ccli B (87
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Implementation: CIB

CIB auto-spectrum at Planck/Herchel frequencies

10°
: 353 x 353 GHz (Lenz 2019)
S 1 353 x 545 GHz (Lenz 2019)
10 353 x 857 GHz (Lenz 2019)

CIB auto-spectrum at SPT 150 GHz

10% 4
] — MDPL2 (CIB)
— MDPL2 (total)
George 2015 (150 GHz, CIB)
] Reichardt 2020 (150 GHz, CIB)
— ' ' - ' ' S ¢  George 2015 (150 GHz, total)

10° E

106 - 353 x 545 GHz (Lenz 2019) $ 600 x 600 GHz (Viero 2019)

_ E 545 x 545 GHz (Lenz 2019) 600 x 857 GHz (Viero 2019) = 10% 4
& ] 545 x 857 GHz (Lenz 2019) @)
= 10° 2 b, <
,_>;' E i o A @\
— 3 . ~
o -
O +
© )
S

] 353 x 857 GHz (Lenz 2019) $ 857 x 857 GHz (Viero 2019) 10! 4

100 545 x 857 GHz (Lenz 2019) 600 x 857 GHz (Viero 2019) i

8 GHz (Lenz 2019)

2000 4000 8000
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Implementation: CIB

IR source differential number counts

10° 5
105-;
104-;
103é
10° ]

10" 4

dN /dSsso.m [mIy ™' deg™]

10° -
107" -

102

Hatsukade 2018 (ASAGAO)
Shim 2020 (NEPSC2)
Simpson 2019 (S2COSMOS)
Stach 2018

Gomez-Guijarro 2022

0.3

T

1.0
S850,m [MJY]

100

30.0

My, /M evolution

—1.0 1

log(Mdust/M*)
LooL
) )

|
D
(V)]
1

3.0

=

— MDPL2 (MS)
— MDPL2 (SB)
¢— Calura2016
—+  Donevski 2020 (MS)
-+ Donevski 2020 (SB)

3 4
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Implementation: Radio

Start from Rockstar halos.

Apply UniverseMachine (get M./SFR).

Apply results from TRINITY (to get
Mgy and fraction of AGNs).

Do abundance matching with SGHz
luminosity function from Tucci2021.

Scale the frequency up to match with
150 GHz.

Scale frequency to 90 and 220 GHz
90 22

using a5, and a5, derived from data.

102 E
10! E ’
Z o
A :
S ] >
~ 1 g
> - 7
~ /
" 10_1 E
© 1,
Vv MDPL.2 all radio
1 —— MDPL2 LKf + HKf
10‘2-E - MDPL2 HKf
: - MDPL2 LKf
: MDPL2 LKs
10°3 MDPL2 HKs
107 1074 1073 1072 107!

Sscrz [J y]

10°
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https://arxiv.org/abs/2104.04219

Validation: Radio source counts and power spectra

Radio source differential number counts

S25 dn/dS [Jy'? /Sr]

107 Lagache 2020 - }” MDPL2 41K) 18 Radio source power spectra
] anc
1 MDPL2 (LK) ¢ Everett 2020 1071
10! ' —— MDPL2 95GHz
E Tt - ] --- MDPL2 150GHz
1 e I MDPL2 220GHz
10 [ /// ¢ George2015
] 1 ! L | WL 1 1 101 ]
2 &N 1
10 &D ]
] k=
@\
~
n
=
= 100 :
102 -
10' -
: 107! ; : l
100 - == 1000 2000 3000 4000 5000
E / ........ ///// .............. 220 GHZ Z
1074 1073 1072 107! 100 10!

S, [yl



Power spectra

Total 90 GHz map = CMB + kSZ + CIByygpy, + t5Zgogp, + radiogygy,

55



Power spectra

Total 90 GHz map = CMB + kSZ + CIByygpy, + t5Zgogp, + radiogygy,

103 4 — Total kSZ CIB |
— ] CIB — tSZ — Radio ]
NM — Radio kSZ :W
3 i — tSZ i
- 10% 5 ¢ George 2015 [
T
S 10 E
~ ] ]
N ]
— ]
+ 1 _
> 1004 E
T 5 5
1 90 GHz x 90 GHz ] 150 GHz x 150 GHz ] 220 GHz x 220 GHz
10_1 1 1 1 1
107 5 E
& 5
.\.é ] ]
— 107 3 E
~ ] E
O @ ]
('5 10" 5 E 3
~— ] ] ]
— E . ]
+ - / ] ]
S 1074 : g
S 5 5 5
] 90 GHz x 150 GHz |] 90 GHz x 220 GHz |] 150 GHz x 220 GHz
10_1 1 1 1 1 1 1 1 1 1 1 1 1
2500 3500 4500 5500 2500 3500 4500 5500 2500 3500 4500 5500
!/ !/ !/
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Example usage of MDPL?2

1. Biases in reconstructed CMB lensing map
2. Biases in reconstructed tSZ maps
3. Multi-tracer delensing forecasting
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Biases in CMB lensing maps

Raw CMB lensing spectrum

10—12 i

10714

107 T

Setup: 5uK-arcmin experiment, masking ptsrcs down to 6 mJy, clusters down to 2 x 10'M
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Biases in CMB lensing maps

1074

Noise biases (“N0” and “N1”)

10—12 i

10714

107 T

Setup: 5uK-arcmin experiment, masking ptsrcs down to 6 mJy, clusters down to 2 x 10'M



Biases in CMB lensing maps

Reconstructed CMB lensing

10—12 i

10714

107 T

Setup: 5uK-arcmin experiment, masking ptsrcs down to 6 mJy, clusters down to 2 x 10'M

auto-spectrum (noise debiased)
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Biases in CMB lensing maps

Reconstructed CMB lensing
o auto-spectrum (noise debiased)
10—4 R /
-== raw Cjf oo NP Total #(S?) x K(S3)

—- NORD — Total 5(5?) x k(S}) — Total kemp X K(S?)

10—6_

—— e ——
h R — e —
N} W Y i e ——
_----——————-———— — i —
iyl —E b
o — — — — —

10784
R
@

lo—H)_

- Trispectrum and

bispectrum .
foreground biases Reconstructed CMB lensing
auto-spectrum (noise + fg debiased)
10714 - ———
10 10°
L

Setup: 5uK-arcmin experiment, masking ptsrcs down to 6 mJy, clusters down to 2 x 10'M
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Biases in CMB lensing maps

W IT
107
-— raw C;® — k(rad®) x k(rad®)  --- k(rad’) x K(CIB?>) —- kcms X <(CIB,CIB)
—- NORD — K(SZY) x k(tSZ?) - K(kSZ?) x k(rad®) —- KcmB X K(tSZ,tSZ)
..... N K(CIB?) x k(tSZ?) === k(rad®) x x(tSZ%) "7 Hcws X %(léslg,kgzz)
K(CIB) x #(CIB?) =~~~ K(SZ?) x K(KSZ?) Kiems X ri(rad, rad) ficms X #(CIB, (57)
1061 — k(kSZ2) x k(kSZ?) =" k(CIB?) x k(kSZ?)

-~
~~o
~ -

NP3~ f
1> | T T e - N - ~ /7 N\ o . | o
10712 - RN U/
S \\ ~ \\IL\ \\./\\ \ ey r,
SN RN \ I " I‘t A
\\ /\§\~/~\,’\\\ \\‘ “ | ’,II 1
7N AN . 11,
Voo Ny *'\ 1,5 |I||'ﬂ
T TS SN il ¢
o QAR ey i
! L TN l‘ A/
Lo N ST LR
—14 ! A e 47 M
102 10°

Setup: 5uK-arcmin experiment, masking ptsrcs down to 6 mJy, clusters down to 2 x 10'M



Biases in CMB lensing maps

radio

CIB

kSZ

tSZ

[1013.00 <Mh < 1013.25]

i — [1013.25 <Mh < 1013.50]

h/{(rad,rad) x 10

— [1013.50 <Mh < 1013.75]
—_ [1013.75 <Mh < 1014.00]

hkcB,cBy X 10

hkkszksz) < 10

hKsz.157)

T T

T T

T

T

[0.25 <z < 0.50]
— [0.50 <z <0.75]

— [0.75 <z < 1.00]
— [1.00 <z < 1.25]

hkcB,ciBy X 10

hkxszxszy X 10

hKsz.157)

T T

T

T

[0.20 <z < 0.43]

— [0.63 <z <0.90]

104 — [043<7<0.63] | — [090 <z < 1.30]
0.5 -
0.0+
—0.5 VK(rad,rady X 100 |- YKcB,ciB) X 10 VEkszkszy X 10 |4 YK(SZ,1SZ)
0 2000 4000 0 2000 4000 2000 4000 0 2000 4000
L L L L

3ursua] gD X Axe[es

SuIsud] gD X Iedys

**Slightly different setup from the previous slide
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Biases 1n tSZ maps

Can also pass frequency maps through Planck MILCA/SPT ymap making pipeline, and
investigate biases in those maps.

— total — 1SZ — (5ZxCIB MV
lU-ll 4 CIB — radio 4’ Data .
-~ MILCA auto — MDPL2 no noise MR o /Q\;ﬁ
—— MILCA cross ¢ Tanimura 2021 13 M SR
o | == MDPL2 auto I — 1a- o~ ]
107- - - —_— e

CMB rejected

= -11
2 10
10_2 - % Wxﬁ“:ﬁ
X o
2 ~ 10
o S —
& =
g — tSZ _ .rad ynoise i 10_” |
A — ySZCB k872 — MDPL2 no noise =
:; 100 - yCIB — yealfg ¢ Tanimura 2021 5
I 10713
)
./i;’“‘“ . .
—— b
1072 NN 10-" -
|1 \ | ‘ o
| __— l(]‘ 13 W /—
102 103
/ 100

We can understand which foreground components are responsible for the various “features”
in the power spectrum.


https://arxiv.org/abs/2110.08880

Biases 1n tSZ maps

Can also pass frequency maps through Planck MILCA/SPT ymap making pipeline, and
investigate biases in those maps.

— total —— 8Z T tSZ <CIB MV
1071 4 CIB — radio Data .
-~ MILCA auto — MDPL2 no noise M s )/Q‘\;ﬁ
—— MILCA cross ¢ Tanimura 2021 10-13 M — -
0 | - MDPL2 auto o - B _/—"'M 9 amm— —
10 - — yau——
CMB rejected
= ~11
= pary
—
1072 1 -
>\X O 1013
ENN =
= Py
Q tSZ rad noise :
= - _ Y . < 107"
N —— yiSZCIB —— ykSZ — MDPL2 no noise <
:; 100 - yCIB — yealfg ¢ Tanimura 2021
I 10713 4
N ~11 .
1024 | \ 10
/‘
N\ 10-13
102 103
/ 100 6000

Measured total tSZ spectrum

We can understand which foreground components are responsible for the various “features”
in the power spectrum.



Biases 1n tSZ maps

We can identify biases in cross- P(r) = Pu X p(rlrson.)
correlations and estimate the bias using
the combination of data simulations. ~ =t
px) = (cpx) 7|1 + (cpx)”] .
Specially for MILCA, we find that there is hoo(1 = b,)M |
P Y o P. =P, <1.65 eV cm_3> h3/3 7ol M.
a lot of CIB contamination in tSZ X 70 3% 1014M,
galaxies correlation.
1.0
0.9 - i *\
| A | |
081 | ’ |
1 4 .
< 0.7- o debiased
S
Loef b
05 % ‘ biased
0.4 ¢ SPT min. var. A Planck MILCA
¢  SPT CMB-CIB-null A MILCA -,CB A ¥
0.3- SPT CIB-null
03 04 05 06 07 08 09 10
< (Sanchez et al. in prep)

66



Multi-tracer delensing forecasting

One of the key science for Stage-3 and Stage-4 CMB experiments 1s to constraint 7, and we want
maximize the delensing efficiency by throwing every possible data to improve our estimate of the

lensing potential. — Combine internal lensing + CIB +

LSS

¢ =1500

HMV7db+CIB+LSST i
KMV+CIB+LSST .
KMV,db+CIB i

FLMV+CIB i

KJE E+EB+CIB+LSST _

K,EE +EB+CIB |

KLSST -

CIB

K

EE+EB
KcmB

MV |
Kcis
—7
10 ; MV, db _
] KevmB

MV
KcmB

T
Kcis

TT.db
KcvB

KK
CL

1078 3

Theory —— CIB

TT 4

0.69 0.41 0.42-0.100.52 0.52-0.100.35 0.77 0.70

0.69 0.41 0.41-0.090.52 0.52-0.090.35 0.77 0.70

0.60 0.49 0.50-0.120.59 0.60-0.120.37 0.23 0.80 0.80

0.59 0.50 0.50-0.100.59 0.60-0.100.37 0.23 0.80 0.80
0.68 0.18 0.19-0.100.37 0.38-0.100.43 0.78 0.71
0.68 0.18 0.19-0.100.37 0.38-0.100.43 0.78 0.71

0.48 0.09 0.09-0.030.15 0.15-0.030.15 0.20 0.71 0.71 0.24 0.24 0.70 0.70

0.22 0.79 0.79 -0.78 0.78

0.16 0.15 0.44 0.44 0.38 0.38 0.36 0.36

0.54 0.17 0.18-0.130.21 0.21-0.130.14
0.29 0.10 0.10-0.020.61 0.61-0.0
~0.08 0.02-0.03 0.02-0.15-0.04-0.13-0.13-0.12-0.14-0.11-0.12
0.36 0.84 0.84-0.0 0.030.61 0.23 0.15 0.38 0.38 0.60 0.60 0.53 0.53
0.36 0.84 0.84 0.01 0.01 0.61 0.22 0.15 0.38 0.38 0.60 0.60 0.52 0.52
—0.080.02-0.03 0.02-0.15-0.04-0.13-0.13-0.12-0.14-0.11-0.12

0.27 0.030.84 0.84-0.030.10 0.18 0.09 0.19 0.19 0.50 0.50 0.42 0.42

——  gpol — LSST KcMB
10—9 5 MV total

KCMB

50 100 1000 3000

0.26 0.020.84 0.84 0.02 0.10 0.17 0.09 0.18 0.18 0.49 0.49 0.41 0.41

0.26 0.27-0.080.36 0.36-0.080.29 0.58 0.49 0.71 0.71 0.62 0.62 0.72 0.72
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Part Il summary

e MDPL2 synthetic sky simulation 1s one of the few simulations that have both CMB and LSS
simulation products, tested to the level that 1s usable for real data analyses.

e The modelling 1s calibrated against existing observational data and external hydrodynamical
simulations.

e [t was built with a focus on accurate modelling of the CMB foregrounds, for the purpose of
assessing biases 1n auto/cross-correlation measurements of SZ/lensing.

e MDPL?2 1s already being used for several analyses e.g. 6x2pt, galaxies X tSZ, shear X tSZ,
pairwise kSZ, multi-tracer delensing forecasts etc.

e Future/On-going works:

* Implementation of more realistic LSST galaxies

* Baryonification

* Learning from MDPL?2 and pasting secondaries to cheaper mocks
« LIM

 Other observables (X-ray, clusters, patchy kSZ etc.)

End
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